Background: Cancer survivors are at a higher risk of primary cancer recurrence and development of second primary cancer. In both cases, early disease detection is crucial. This cross-sectional study assessed cancer screening participation rates according to cancer history. Methods: Data were obtained from the 2010-2012 Korea National Health and Nutrition Examination Survey for 12,500 participants. Of these, 624 cancer survivors were enrolled in this study. Sampling weights were applied to maintain the representativeness of the Korean adult population. Results: Overall 2-year cancer screening rates prior to the survey in male and female cancer survivors were 59.9% and 73.7%, respectively, while opportunistic cancer screening rates were 33.5% and 52.1%, respectively. The odds ratios (95% confidence interval) of the overall cancer screening among the cancer survivors, compared to others, were 1.16 (0.79-1.72) in male and 1.78 (1.20-2.63) in female participants, after the adjustment for confounding variables. The odds ratios (95% confidence interval) for opportunistic cancer screening and National Cancer Screening Program among cancer survivors were 1.56 (1.07-2.27) and 0.80 (0.53-1.21) in males and 2.05 (1.46-2.88) and 0.66 (0.46-0.95) in females. Conclusion: Female cancer survivors showed a higher rate of overall and opportunistic cancer screening than did the male cancer survivors. Further efforts are required to improve cancer screening among male cancer survivors.
INTRODUCTION
In 1986, the National Coalition for Cancer Survivorship in the United States established the definition of a cancer survivor as any person diagnosed with cancer from the time of initial diagnosis until death. 1) Worldwide, the number of cancer survivors continues to increase. In Korea, there are approximately 1.6 million cancer survivors, 2) with over 30 million survivors worldwide. 3) Important concerns for cancer survivors are disease recurrence or metastasis of primary cancer, the development of second primary cancer, and treatment-related adverse effects. A previous study based on cancer registry data showed that cancer survivors faced a 1.1-to 1.6-fold higher risk of a second primary cancer than that of the general population. 4) In the United States, one in six of all incident cancers are diagnosed in cancer survivors, with second primary cancers as a leading cause of mortality among cancer survivors. 5) In survivors achieving relatively good prognosis for the initial primary cancer, a second primary cancer is likely to be the direct cause of death. The increased health risk stems from cancer itself, in addition to lifestyle; genetic susceptibility; environmental factors, such as health service accessibility; and the late carcinogenic effects of chemotherapy and radiation therapy. 6) To reduce cancer-related mortality, careful observation of primary cancer recurrence and second primary cancer is an essential component of the follow-up care of cancer survivors. 7) In Korea, little is known about cancer screening practices among cancer survivors, and neither evidence-based guidelines nor a proper management system for these patients has been established. However, it is well-accepted that ongoing, long-term cancer screening is essential.
The present study aimed to investigate whether a higher rate of cancer screening is evident in cancer survivors than in individuals without a history of cancer. Moreover, we examined the association between a history of cancer and participation in organized versus opportunistic cancer screening.
METHODS

Study Designs and Participants
The 2010-2012 Korea National Health and Nutrition Examination Survey (KNHANES) was conducted as a population-based cross-sectional survey that is designed to assess the health-related behavior, health condition, and nutritional status of Koreans. All health examination components were conducted in a local hospital or at mobile examination centers that traveled to each survey location. The field operation team consisted of a doctor, nurse, radiological technician, interviewer, and dietitian, all of whom followed standardized protocols. The sampling units were households selected using a stratified, multistage, probability sampling design according to the geographic area, sex, and age group, based on household registries. Participants who agreed to participate in the study provided written informed consent. 8) This present study utilized the data from 25,534 individuals who participated in the 2010-2012 KNHANES. Individuals younger than 40 years (n=11,873) and nonresponders regarding cancer diagnosis (n=140) and cancer screening (n=1,021) were excluded from the study.
Thus, the final study population consisted of 12,500 participants (5, 369 males and 7,131 females), including 624 cancer survivors (229 male and 395 female survivors).
All participants provided written informed consent and were given the right to refuse to participate according to the National Health Enhancement Act. This study was approved by the Institutional Review Board of the Korea Centers for Disease Control and Prevention.
Definition of Health-Related Behavior and Socioeconomic Status
Body mass index (BMI) was calculated as the ratio of the individual's weight in kilograms to his or her height in meters squared (kg/m 2 ). 
Definition of Cancer Survivors and Cancer Screening
Data Management and Statistical Analysis
Data obtained from the 2010-2012 KNHANES were considered to represent the standard population. We applied sampling weights to each participant's data to ensure that the dataset represented the entire Korean population without biased estimates. Continuous variables were presented as a means±standard error (SE), and categorical variables were described as weighted frequencies±SE.
General linear models and χ 2 tests were used to compare the means of continuous variables and the frequencies of categorical variables according to cancer history by sex. Odds ratios (ORs) and corresponding 95% confidence intervals (95% CI) for cancer screening among cancer survivors were calculated using multivariate survey logistic regression analyses. The statistical analyses were performed using SAS statistical software ver. 9.4 (SAS Institute Inc., Cary, NC, USA). Differences were considered significant at values of P<0.05. 8) All statistical tests were two-tailed.
RESULTS
The general characteristics of all study participants are shown in Table   1 . The mean age was 54.9 years for males and 56.7 years for females.
The percentages of male and female cancer survivors were 3.2% and 5.1%, respectively. The 2-year participation rates for overall cancer screening were 56.6% for males and 60.8% for females. were more likely to have undergone cancer screening within the last 2 years than females with no history of cancer.
To further examine the association between a cancer diagnosis and , and others (unemployed, housekeepers, and students). ¶ Urban residents are defined as individuals who live within the metropolitan area of a city. Insurance type was categorized as beneficiaries of the national health insurance system (regionally insured and workplace insured) and public assistance (medical aid and essential livelihood protection). # Cancer screening was recategorized as opportunistic or NCSP according to the funding source of screening. Participants were included in both groups if they answered that they had received both tests. Opportunistic screening was defined as cancer screening which examinee, his or her acquaintances including their family, or employer paid the cost for an examination performed in either the private healthcare sector, such as private general hospital, clinics, and health checkup centers. The NCSP offers free cancer screening via the Korean National Health Insurance Corporation or at public health centers.
cancer screening type, logistic regression analyses were performed after stratifying overall cancer screening by opportunistic screening and NCSP screening (Figure 1 
DISCUSSION
The results of this cross-sectional study showed that female cancer survivors were more likely to undergo overall cancer screening than females without a history of cancer, after controlling for age and other confounding factors. However, this difference was not observed in male cancer survivors. Stratification of overall cancer screening by opportunistic and NCSP-based screening showed that both male and female cancer survivors were more likely to choose opportunistic cancer screening. For female cancer survivors, the OR for participating in the NCSP was relatively low.
Cancer is the leading cause of death in Korea, 9) and its detection and management at an earlier, precancerous stage would lower mortality. 10, 11) Screening for cancer or a precancerous lesion is the most effective method for early disease diagnosis and results in better prognostic outcomes. To reduce the burden of malignant diseases, since 1990, Korean health authorities have provided free cancer screening via the NCSP for the five major cancers (stomach, colorectal, liver, breast, and uterine cervix) for individuals aged greater than 40 years. 12) In the pri- published by the National Cancer Information Center. 13) Cancer survivors are at higher risk for not only recurrence of primary cancer but also a second primary malignancy and comorbidities such as cardiovascular diseases and diabetes. These susceptibilities are attributed to genetic factors, behavioral risk factors, and previous anticancer treatment, including chemotherapy and radiotherapy. 14) Multiple cancers involving different organs can arise from deletions or mutations in oncogenes and tumor suppressor genes. Previous studies showed that breast cancer survivors have a fourfold higher risk of contralateral breast cancer. 15, 16) In colorectal cancer survivors, due to the risk, as previously mentioned, a careful evaluation of synchronous and metachronous colorectal cancers has been recommended. 17) After analyzing the 2001, 2005, and 2007 KNHANES data, Cho et al. 18) reported that cancer survivors are more likely to obtain cancer screening than the non-cancer population. Schumacher et al. 19) reported that in a US population, female cancer survivors recorded higher screening rates for cervical and breast cancer than individuals with no history of cancer. According to a Canadian study, Grunfeld et al. 20) found that breast and endometrial cancer survivors were more likely to be screened than the controls. Our results are consistent with those previously reported studies, but in all of those cases, the focus was on the primary cancer type or site-specific cancer screening, with no consideration of differences in payment among cancer survivors and various control groups. Our study showed that male cancer survivors are less likely than their female counterparts to participate in overall cancer screening but were more likely to undergo opportunistic cancer screening than were males without a previous cancer diagnosis. Female cancer survivors were more likely than the non-cancer population to participate in overall cancer screening, especially opportunistic screening, and less likely to use the NCSP. The more careful cancer screening by female survivors may in part explain their higher Our study had several limitations. First, we could not confirm our conclusion that cancer survivors are more likely to undergo cancer screening because of the cross-sectional design of our study. Individuals concerned about their health tend to undergo more regular health checkups, introducing a risk of overdiagnosis of cancer. However, regardless of the association between cancer survivors and screening rates, all physicians should recommend routine screening for these patients based on practice guidelines. A second limitation was the potential misclassification of some participants, as cancer screening was self-reported using a questionnaire.
Additionally, some cancer survivors might have confused a periodic follow-up after anticancer treatment as active second primary cancer screening. 12) Third, the cancer type, nature of the screening units, and methods used were neither identified nor differentiated. We also did not discriminate between a recent versus a non-recent cancer diagnosis. The methods of cancer screening may be different depending on the type and timing of cancer diagnosis. However, further analysis was not performed because it is thought that the number of each group is small to be analyzed. We are considering further study using the data from 2012 onward.
Despite these limitations, this study has several strengths. It examined the association between cancer history and cancer screening based on the nationally representative 2010-2012 KNHANES data.
Sampling weights were applied to all analyses to ensure that the results were representative of the general Korean population. Additionally, overall cancer screening was stratified as either opportunistic cancer screening or NCSP-based screening, which allowed us to discriminate between users of the public versus private healthcare system.
In conclusion, this study showed that all cancer survivors exhibit higher rates of opportunistic cancer screening than non-cancer patients. Moreover, female, but not male, cancer survivors are more likely 
